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The transfer of circulating immunoglobulin Gl (IgGl) antibody to the gastrointestinal tract in young calves
was quantified by using bovine anti-dinitrophenol IgGl antibody labeled with 125I. The antibody was

administered to newborn calves by intravenous injection, and transfer of the labeled IgGl to the gastrointes-
tinal tract occurred as demonstrated by excretion of protein-bound label in the feces and by the presence of the
labeled IgGl antibody in the gastrointestinal tract lumen at necropsy. Sixty-eight percent of the [125IJIgG1
clearance occurred by transfer to the gastrointestinal tract. Protein-bound 1251 in the gastrointestinal tract
lumen retained 65% of the specific dinitrophenol-binding ability of the labeled antibody originally adminis-
tered. These results show that (i) transfer to the intestinal lumen is the major means of IgGl clearance in calves,
and (ii) this transfer results in antigen-binding antibody in the intestinal tract lumen. The potential contribution
to enteric immunity of IgGl reaching the intestinal lumen from circulation remains to be determined.

The mechanism by which immunoglobulin G (IgG) is
cleared from circulation is not well defined in any species
(32). Gastrointestinal tract organs probably account for at
least some IgG clearance, since IgG has been detected in the
intestinal secretions of several species (1, 6, 7, 12, 25). In
cattle, detectable amounts of IgGl reach the gastrointestinal
tract lumen from the blood in clinically healthy calves and
adults (25, 26), and this transfer is somewhat larger in
animals with diarrhea (10, 27). However, the contribution of
IgG transferred into the intestine to overall IgG clearance is
not known. It is also unclear whether significant antibody
activity is retained in immunoglobulin reaching the intestinal
lumen.

Clearance of substantial amounts of bovine IgGl antibody
into the intestinal lumen could help explain a frequently
observed relationship between higher serum passive immu-
noglobulin concentrations and decreased occurrence and
severity of enteric disease in calves (2-4, 9-11, 14, 15, 19, 21,
29), for which no well-defined mechanism is currently
known. The pathogens causing most calfhood enteric dis-
ease are noninvasive, and it is thought that for antibody to
control these agents it must be present within the gastroin-
testinal tract lumen (13, 31). Under the hypothesis that
significant amounts of circulating passive antibody enter the
gastrointestinal tract lumen, the present study was under-
taken with two specific objectives: (i) to quantify the clear-
ance of circulating IgGl into the gastrointestinal tract of
neonatal calves, and (ii) to determine whether IgGl so
transferred retains antibody activity.

MATERIALS AND METHODS
DNP-specific bovine IgGl. Dinitrophenol (DNP)-binding

bovine antibody was obtained as previously described (20).
IgGl was purified with anion-exchange (DE-52; Whatman,
Ltd., Maidstone Kent, England) and gel-exclusion (Bio-Gel
A1.5; Bio-Rad Laboratories, Richmond, Calif.) column
chromatography and by absorption with protein A (protein
A-Sepharose; Pharmacia Fine Chemicals, Uppsala, Swe-
den). Only single precipitin arcs giving a reaction of identity
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with bovine IgGl (Miles Laboratories, Inc., Naperville, Ill.)
were detected by Ouchterlony immunodiffusion against six
different rabbit anti-whole bovine serum sera. IgGl concen-
tration measured by radial immunodiffusion was 1.85 mg/ml,
equivalent to the protein concentration (1.72 mg/ml) esti-
mated by optical density at 280 nm (6). IgG2 was not
detectable by radial immunodiffusion (sensitivity, 0.07
mg/ml). IgA was not detectable by immunodiffusion against
IgA-specific antiserum (sensitivity, 0.06 mg/ml). On sodium
dodecyl sulfate-polyacrylamide gel electrophoresis with
nonreducing conditions, the preparation demonstrated a

single band at an M, of 171,000; and with reducing condi-
tions, the preparation showed two bands at positions corre-
sponding to Mrs 27,500 and 55,900.

Radioiodination. IgGl was labeled with 1251 by a chloram-
ine T procedure (18) to a specific activity of 50,000 dpm/,ug
(Gamma 8000; Beckman Instruments, Fullerton, Calif.).
Unbound 1251 was removed by anion exchange (Dowex 1X8
column; Bio-Rad), and the percentage of IgG1-bound 1251
was determined by trichloroacetic acid (TCA) precipitation
on glass-fiber filters (16). [12aI]IgGl preparations given to
calves contained greater than 90% TCA-precipitable label.
When analyzed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and autoradiography, the labeled anti-
body had the same number and relative intensities of bands
as did the IgGl prior to labeling.

Experimental calves. Twenty-six colostrum-deprived male
Holstein calves were obtained from a commercial dairy.
Twenty-four of these calves were randomly assigned to
treatment groups of six calves each, differing in colostrum
feeding level (1 or 3.5 liters) and age at euthanasia (5 or 10
days). The calves were fed colostrum by 3 h after birth and
then were maintained on an artificial milk diet. Calves were
fitted with harnesses for the collection of urine and feces and
were given 2.0 nil of 20% (wt/vol) Nal in distilled water and
a measured dose (45 to 110 ,uCi) of [1251]IgGl by intravenous
injection by 48 h after birth. Two control calves were treated
similarly but received [1251]IgGl per os rather than intrave-
nously.

Excretion of ['251]IgG1. Serum was sampled from each calf
at 24-h intervals. After [125IjIgG1 administration, fecal and
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urine output was measured and sampled at 12-h intervals. All
samples were counted to determine 1251 activity. Net
I125 ]IgGl remaining in each calf on each day was deter-
mined.

Gastrointestinal tract samples. After anesthesia and ex-
sanguination of the calves, 10-ml samples of the contents of
the gall bladder, rumen, abomasum, duodenum, jejunum,
and ileum were aspirated. Total contents of forestomach and
abomasum, small intestine, and large intestine were then
collected. Samples were collected rapidly and frozen to
-70°C within 60 min of collection. Samples were later
thawed and counted to determine 1251 concentration. TCA-
precipitable 125I fractions in calf secretions and serum were
determined (16).
Hemoglobin concentrations were measured as described

previously (17), except that each sample was buffered with
0.1 volume of 2.5 M Tris hydrochloride (pH 7.6). The
modified assay was sensitive to 0.05 mg of hemoglobin per
ml. Hemoglobin concentration was <0.2 mg/ml in all sam-
ples. Sample counts were corrected for 1251 contributed by
the measured blood contamination.

Protein-bound 1251 in the abomasal contents, small intes-
tinal contents, and large intestinal contents at necropsy were
expressed as a percentage of net 1251 left in the calf. Daily
excretion of ['251]IgG1 into the gastrointestinal tract was
estimated by multiplying the percentage of net calf 1251I in
each organ by the number of transit times per day appropri-
ate to that organ; eight for forestomach and small intestine
and one for the large intestine (24). Because of the active
recirculation of free iodide in the calf, only TCA-precipitable
1251 was included in these analyses (22).
DNP binding. e-DNP-lysine and glycine were covalently

bound to CNBr-activated agarose (CNBr Sepharose; Phar-
macia) to form test and control affinity matrices, respec-
tively. Intestinal samples were clarified by centrifugation
(15,000 x g maximum, 60 min) and filtration (Whatman no.
1 filter), and two portions of each sample, each containing
1,000 TCA-precipitable cpm, were passed over 1-ml test and
control affinity columns, respectively. The columns were
washed with 15 volumes of 2.0 M NaCl and 15 volumes of
phosphate-buffered saline. Preliminary experiments estab-
lished that elution of material bound to the affinity matrices
was accomplished equally with either 8 ml of 0.1 M DNP-
lysine (pH 7.4) or 3.5 ml of 0.05 M diethylamine (pH 11.5).
Experimental samples were eluted with diethylamine so that
eluates could be directly counted.

Experimental design and statistical analysis. The experi-
ment was a randomized complete block design with two
treatments, 12 calves per treatment, for a total of 24 calves.
The effects of the amount of colostrum fed (1 or 3.5 liters)
and age of the calf (5 or 10 days) on the amount of labeled
IgGl in the gastrointestinal contents at necropsy were ex-
amined. Data were analyzed by analysis of variance.

RESULTS

The clearance rate of circulating radiolabeled IgGl was
estimated from the rate of loss of [125I]IgG1 from the serum
of 12 calves over 8 days. The logarithm of counts per minute
per milliliter of serum plotted against time stabilized to a
straight line by 48 h after intravenous administration of the
labeled immunoglobulin. Regression analysis of the linear
portions of these plots indicated a [125I]IgG1 serum half-life
of 17.9 days, equivalent to daily clearance of 3.8% of a calf's
IgGl (Table 1). This half-life is consistent with previous
estimates of the catabolic rate of bovine IgGl, suggesting

TABLE 1. Excretion of [`25I]IgG1 cleared from serum

Sample 1251 clearance" 1251 excretion (%/day)
a(%day) Totalb Protein bound'

Urine 2.52 0.08
Feces 1.50 1.23
Urine + feces 3.80 + 0.34d 4.02 + 0.28d 1.31 ± 0.22d

b Average daily percent decrease of serum 1251i specific activity (n = 12).
b Average daily percentage of net body 1251 in excretions (n = 24).
'Average daily percent of net body 121in excretions precipita'ble in 10%o

TCA (n = 24).
d Standard error of the mean.

that the labeled immunoglobulin was metabolized normally
(6).

125I excretion. in urine and feces averaged 4.02% of the
calves' ['251]IgGl per day (Table 1). Therefore the 1251
collected from the urine and feces accounted for essentially
all of the [1251]IgGl cleared from the calves. Excretion of
[1251]IgGl into calf urine and feces is shown in Fig. 1. Fecal
protein-bound 125I averaged 1.23% of the calves' net
[125I]IgGl per day, accounting for 32% of the calves' total
[1251]IgGl clearance. The remainder of excreted 125I (only
2.6% of which was protein bound) was collected in the urine
(Table 1). Excretion rates of urinary and fecal protein-bound
125I were consistent over the 10-day period (Fig. 1).

After euthanasia and sample collection at 5 or 10 days of
age, the amount of labeled IgGl in each calf s gastrointesti-
nal tract lumen was measured; 0.14, 0.15, and 0.25% of the
calves' net 1251 were present in the lumena of the forestom-
ach and abomasum, small intestine, and large intestine,
respectively, in the form of TCA-precipitable 1251. These
values correspond to daily transfer to the intestine of 2.6% of
the calves' net [125I]IgG1 per day, accounting for 68% of the
total ['251]IgGl clearance (Table 2). The distribution of
TCA-precipitable ['251]IgGl in the calves' gastrointestinal

-w 5 LkUrinary Total 1251 Urinary Protein-Bound 1251

o Fecal Total 1251 Fecal Protein-Bound 1251
'0

OR44 8 9 1

34

i0

Calf Age (days)
FIG. 1. Daily excretion of 1251 by calves after intravenous injec-

tion of [l2IIgGi. For each day, the first column represents the
percentage of the calves' net 1251 excreted that day and the second
column represents that part of the first column consisting of protein-
bound 1251. Each column is divided to show the relative contribu-
tions of urinary and fecal 1251. The daily totals of 1251 excretion
closely approach the clearance rate of '251-IgGl from serum (3.8%t
per day), and the protein-bound 1251 analysis shows that only fecal1251 had a substantial protein-bound component.
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TABLE 2. Protein-bound 1251 in the gastrointestinal tract of
calves after intravenous administration of [l251]lgGla

IgGl Age Luminal 1211b (%) FE/D'
Group (mg/mi) (days) RRA SI LI (%)

in serum RRA Si LI

1 3.5 5 0.175 0.134 0.360 2.87
10 0.147 0.150 0.103 2.48

2 16.4 5 0.083 0.142 0.289 2.01
10 0.142 0.187 0.238 2.55

Colostrum feeding level and age at necropsy did not significantly affect the
fractional excretion of [1251]IgGl. Twenty-four calves were tested. Group 1
calves were fed 1 liter colostrum before 3 h of age; group 2 calves were fed 3.5
liters. Mean ± standard deviation values of percentage of 1251 in the
forestomach and abomasum, small intestine, and large intestine were 0.137 ±
0.072, 0.153 ± 0.074, 0.247 ± 0.278, and 2.57 ± 0.94%, respectively. The
mean ± standard deviation calculated percentage of the total body [125IJIgG1
reaching the gastrointestinal tract each day was 2.57 ± 0.94.

b The percentage of the total body 125I-IgGl activity present as TCA-
precipitable 125I in the forestomach and abomasum (RRA), small intestine
(SI), and large intestine (LI) at necropsy.

Fractional excretion per day (FE/D), Calculated percentage of the total
body ['25I1IgG1 activity transferred into the gastrointestinal tract each day, on
the basis of the luminal 125I (%) and published values of transit time of ingesta
in neonatal calves (24).

tracts is shown in Fig. 2. Calves that were 5 and 10 days old
had similar fractions of total body [1251]IgGl in the gastro-
intestinal tract at necropsy (Table 2). The fraction of total
body [1251]IgGl in the gastrointestinal tract at necropsy was
not significantly affected by the volume of colostrum fed to
the calf (Table 2).
The apparent discrepancy between the measured rates of

clearance of [125I]IgGl to the intestine (32% excreted in the
feces, 68% estimated from gastrointestinal, tract contents)
may be due to intestinal proteolysis of [1251]IgGl after
transfer to the gastrointestinal tract. Two 48-h-old calves
given oral doses of [125I]IgGl did not absorb TCA-precipit-
able 125I to the bloodstream. Over the following days, the
calves excreted 28% of the administered ['25I]IgGl in their
feces, predominantly as protein-bound 1251, and 72% as free
1251 in the urine. Therefore, significant degradation of
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FIG. 2. Relative concentrations of protein-bound 1251 throughout

the gastrointestinal tract after intravenous administration of
[1251]IgGl.

[125I]IgGl occurs in the gastrointestinal tract, and the mea-
surement in feces and (to a lesser extent) in intestinal
contents would tend to underestimate transfer of IgGl into
the gastrointestinal tract.
DNP-binding activity of the intestinal content samples was

examined as one measure of functional activity of [125I]IgGl
cleared into the gastrointestinal tract. TCA-precipitable 1251
in the calves' small and large intestinal contents specifically
bound DNP approximately 67% as efficiently (66.4 + 21.2
and 67.3 ± 20.8%, respectively) as did the labeled antibody
initially administered to the calves. Binding to control anti-
gen was not observed (0.4 ± 0.5 and 0.5 ± 0.6%, respec-
tively).

DISCUSSION

We conclude from the data presented herein that (i)
transfer to the intestine is a major clearance mechanism for
circulating IgGl in young calves and (ii) the transferred
immunoglobulin retains significant functional antibody activ-
ity in the intestine. Besides further defining IgG metabolism,
these results raise the possibility that circulating IgGl
cleared to the intestinal lumen is involved in intestinal
immunity.

In calves given radiolabeled IgGl intravenously, protein-
bound 1251 was present both in feces and in the gastrointes-
tinal tract at necropsy in amounts indicating that transfer to
the gastrointestinal tract accounts for most IgGl clearance.
Unlike the present study, previous experiments to measure
IgG clearance into the gastrointestinal tract have studied
only small portions of the gut with the use of surgically
prepared intestinal loops and/or have studied only short time
periods relative to the half-life of the immunoglobulin stud-
ied (32). The results of the present study support previous
work that suggested that the gastrointestinal tract is the
principal clearance organ for IgG (1, 32).
Antibody reaching the gastrointestinal tract retains at least

partial antibody activity. The DNP binding demonstrated in
the intestinal lumen samples in this experiment shows that
the protein-bound, I251-labeled material measured was la-
beled IgGl or functional fragments of labeled IgGl. 125I
released from labeled IgGl could conceivably bind to other
proteins, although the administration of nonradioactive io-
dide makes the bindings of 1251 to other proteins unlikely
(32). It is not plausible that such secondarily labeled proteins
would specifically bind DNP.
The DNP-binding activity demonstrates that a functional

role for circulating IgGl cleared into the gastrointestinal
tract is possible and suggests that clearance of functional
circulating IgGl antibody into the gastrointestinal tract may
enhance other intestinal immune mechanisms. This sugges-
tion could help to explain the correlations that have been
observed between the passive serum immunoglobulin con-
centrations of neonatal calves and their resistance to mor-
bidity and mortality associated with diarrheal disease in the
first weeks of life. The transfer of circulating IgGl to the
gastrointestinal tract lumen indicates that a calf that absorbs
100 g of IgGl from colostrum would subsequently secrete 1
to 4 g back into the gut each day during the first 2 weeks of
life. The clearance of labeled IgGl to the intestine was not
inhibited in calves with high serum IgGl concentrations (see
above), so calves with higher serum IgGl concentrations
would be expected to clear larger amounts of IgGl to the
gastrointestinal tract lumen.
Only calves in the first 10 days of life were studied in this

experiment, so no conclusions can be drawn regarding the
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clearance of circulating IgGl via the intestine in older cattle.
However, the appearance of at least some blood IgGl in the
intestinal lumen of adult cattle and the similar clearance
rates of circulating IgGl in adult cattle (5, 28) and in the
calves in this experiment suggest that intestinal clearance of
IgGl is of similar magnitude in adult cattle.
Other workers (25) have demonstrated that IgGl is the

predominant immunoglobulin in the intestinal lumen of
young calves, with other immunoglobulins appearing in
intestinal secretions by 4 weeks of age, and adult immuno-
globulin ratios not attained until 10 to 12 weeks of age. A
significant fraction of intestinal IgGl in young calves origi-
nated in serum, resulting in a positive correlation between
the percentage of intestinal serum-derived IgGl and the
serum IgGl concentration. IgGl decreased from 98 to 48%
of total intestinal immunoglobulin content in calves aged 2
and 14 weeks, respectively (23). The results of the present
study supports the findings of these investigators regarding
the appearance of circulating IgGl in the intestinal lumen. In
contrast, others found IgM to be the predominant immuno-
globulin in intestinal loops in preruminant calves, with only
minor amounts of IgG present (30). This apparently con-
flicting observation could be reconciled if the calves studied
(30) had relatively low passive immunoglobulin concentra-
tions, resulting in a low rate of transfer of IgGl into intestine.

This study provides no information regarding the mecha-
nism of IgGl appearance in the gastrointestinal tract. Con-
flicting results of other studies have provided evidence both
for and against a selective transport of IgGl from the blood
to the gastrointestinal tract (7, 8). However, regardless of the
mechanism of transfer, the clearance of gram quantities of
IgG retaining at least some antibody function into the
gastrointestinal tract each day is worthy of further investi-
gation for a functional role in intestinal immunity in the
bovine species.
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